A young man with repetitive deep venous thrombosis of the legs and the inferior vena cava, and his family were eventually diagnosed by means of molecular genetic analysis as having both hereditary protein C and protein S deficiency. There have been a few reports of families with combined protein C and protein S deficiency and only one report of such a family characterized at the DNAlevel. This was the first reported family in Japan with combined deficiency of protein C and protein S accompanied by segregation of gene lesions. (Internal Medicine 42: 268-272, 2003) 
Introduction
Protein C is a vitamin K-dependent plasma protein that acts as an anticoagulant by degrading the activated factors V and VIII. Protein S acts as a co factor for activated protein C in its anticoagulant properties (1) . Hereditary deficiencies of both protein C and protein S are associated with an increased risk of venous thrombosis (2) or, rarely, arterial thrombosis (3, 4). Each of these deficiencies is seen in 5% to 10% of patients presenting with deep venous thrombosis or pulmonary emboli (5).
Protein C and S deficiencies are inherited independently in an autosomal dominant trait. The protein C (PROC) gene resides on chromosome 2 and comprises 9 exons (6), while the protein S (PROS) gene is located on chromosome 3, comprises 15 exons, and is closely linked to a highly homologous pseudogene (7). Researchers have found over 160 different mutations of the protein C gene that lead to the absence, or a defective form, of protein C (8) , and over 90 different mutations of the protein S gene have been reported (9) . A few families with combined protein C and S deficiency have been reported, and only one study, published in 1996, has characterized such a family at the DNAlevel (10) .
To the best of our knowledge, this is the first report of a Japanese family with an inherited deficiency of both protein C and protein S accompanied by segregation of lesions of the PROCand PROS genes.
Case Report
A 27-year-old man was admitted to our hospital because of progressive bilateral leg pain and swelling lasting for 5 days. Whenhe was 13 and 22 years old, he had experienced deep vein thrombosis in both legs, and 2 years prior to admission, his father had been diagnosed with protein S deficiency accompanied by deep vein thrombosis of the legs, pulmonary embolism, and supra mesenteric vein thrombosis. Both of the patient's legs were swollen and the left leg was particularly edematous and cyanotic. Computed tomography of the abdomen showed thrombosis of the inferior vena cava slightly distal to the furcation of the renal veins, of both common iliac veins, and of both femoral veins (Fig. 1 ).
Doppler examination of the deep vein disclosed thrombosis of the femoral veins of both legs and the presence of collateral veins along the large saphenous veins. Laboratory studies prior to heparin therapy demonstrated high levels of Combined Protein C and S deficiency and several defects of both popliteal veins were also detected
The patient's father had been diagnosed with deep vein thrombosis in the legs and pulmonary embolism at age 35, a recurrence of pulmonary embolism at age 42, and supra mesenteric vein thrombosis at age 53. He was eventually diagnosed as suffering from protein S deficiency and was started on warfarin therapy. Prior to the start of therapy, protein S activity was 13% (normal range: 60-150%), and protein C activity was 61% (normal range: 55-140%) ( Table 2 ). The father had four siblings (Fig. 3) . A blood sample of one of his two younger brothers (Fig. 3 , II-4), who had leg thrombo- phlebitis when he was 41 but had not received anticoagulant therapy, showed protein C antigen and activity of 52%(normal range: 70-150%) and 42% (normal range: 64-146%), respectively.
The corresponding values for protein S were 54% (normal range: 65-135%) and 22% (normal range: 60-150%) ( Table 2 ). The father's younger sister (II-5) had died suddenly from unknowncauses at age 33 in the tenth month of her first pregnancy, and his elder sister (II-1) had died from pertussis at age 3. The other younger brother (II-6) had died from unknowncauses in his infancy. The patient's mother's (II-3) protein C and S antigen levels and activities showed normal values ( with multiple aortic thrombi associated with protein C and S deficiency, and Atkins and Zehnder (14) descrived a 46-year-old womanwith combined deficiency of protein C and S whosuffered from mesenteric artery thrombosis. No family investigation of the latter two cases was included, and none of the four cases was characterized at the DNAlevel. Formstoneet al were the first to report the results of a molecular genetic analysis of a family with combined protein C and S deficiency accompanied by segregation of one PROC and two PROS gene lesions (10) . The present study describes a family with combined protein C and protein S deficiency in which two segregated PROC and PROS gene lesions were found.
The patient's father had been diagnosed with protein S deficiency and borderline protein C activity before the initiation of warfarin therapy. His protein C activity was subjected to laboratory testing only once, however. It has been reported that heterozygous deficiency of protein C and protein S maybe difficult to diagnose because of a possible overlap at the lower end of the normalreference range between heterozygous and normal individuals (15, 16) . For these reasons we believe that the father also had protein C deficiency on the assumption that his son's protein C deficiency was inherited. University Hospital, all indicated C at nucleotide -1,330 in intron 2. Although analysis of messenger RNAis required for further discussion, this mutation maywell be the cause of these patients' protein C deficiency. As mentioned earlier, deficiency of both protein C and protein S is inherited independently as an autosomal dominant trait. Although there was no evidence of the occurrence of thrombosis or stroke in the grandfather or grandmother, one or both of them are suspected of having had protein C and/or protein S deficiency. There was no consanguineous marriage in this family, and G-banding did not detect any chromosomeaberrations in our patient. If the two deficiencies occur in either or both of the parents, there is a 25 percent probability that a child will have a combined deficiency.
In this family, however, and for no clear reason, the combined deficiency of protein C and protein S seems to have occurred more frequently than expected. Although most people with either protein Cor S deficiency have no factors precipitating initiation of thrombus, 30-40% have other risk factors such as pregnancy, surgery, sepsis and immobility (18, 19) . This suggests that the father's younger sister may have suffered thrombosis or a stroke during her pregnancy. It has become clear that individuals with more than one compromising factor in their hemostatic mechanism run an increased risk of thrombosis (20) . The present patient and his father had suffered repeated and severe thromboembolic events. Furthermore, our patient' s thrombotic onset occurred when he was only 13, while the risk of venous thrombosis in association with protein C or S deficiency increases with age after age 20 (21, 22) . Combined deficiency of proteins C and S may increase not only the risk of recurrent thromboembolism but also the manifestation of early vascular incidents. However, reports of combined protein C and S defects are rare, and in families with combined protein C and S deficiency only a few carriers have been reported without a his- 
